U.S. DEPARTMENT OF SOMMERCE
National Technical Information Service

AD-A032 764

EVALUATION OF WES ANALYTICAL MNDEL IN SELECTED
TERRAINS (XM559E1 GOER TESTS AT CAMP GAGETOWN,
NEW BRUNSWICK, CANADA)

ArRMY ENGINEER WATERWAYS EXPERIMENT STATION,
VICKSBURG, MiSSISSIPP]

MarcH 1970

o) SEEE R e A >
s s e O = S g s




PRODULLN A2
NATIONAL TECHNICAL
INFORMATION SERVICE

AR PEPARTMENT OF COMNIROE
TEEIRIHIAID YA )

DISTAIBUTION _ . bk
Approved for public wlease; 3 \ﬁm

208

S A

]




Unclags!*®ied

Securty Classificatio ‘ o
' DOCUMEMY CONTROL DATA-R&D

(Sacurity cleseiticotian of titte, dody of abotwal 2ad 132, ind annataiton musl be entered whan the oversil fagort iz co‘cl-llﬂod)

P . GRIBINATING ACTIVITY (Corpciaie auihor) 2 REPGRY SECURITY GLASBIFICATION
U. S. Army Englneer Waterways Experiment Station Unclassified
Vicksburg, Mississippl enaur

[T REPORT TITLE

EVALUATION OF WES ANALYTICAL MODEL IN SELECTED TERRAINS (XM559EL GCER TESTS AT CAMP
GAGETOWN, NEW BRUNSWICK, CANADA)

4. DRICRIPTIVR MOTES {Type of report and iachweive dalen) !
Final report
D AU THORU) (Flrel aame, aiadic itial, laed nams) .

Beryl G. Stinson

V. AKWORY DAYE g 78 TOVAL No. OF PAGER Th RO. OF nEFE

March 1970 6l none

A CCHYRATY OGN IRANY MO, ] [ va ORIGINATOR'Y ARAORY NUMBI RIS

.
& PRIECY KO. L Tachnical Report M-70-3
' 8
o . PO m oher [
'S ‘ :Lu:nn RYE RO (dap wuihers hat Lap b3 sualgond
L

15 ST IOM BYAVENENY

L s ame

3, GHORBORIA WILIVARY REVIVIVY

U. 6. Argy Teak-Automotive Command
Warren, llchigan

i EORP L MANT AR HGTCN

T eveaty

e ot i o B et et 1

“qnis study wvas conducted to {a) evaluate the performance of the 8ston
WEHuR) QCER vhen operating in selected Canadian terrafns and {b) evaluate the
capability of the WES analytlical nodel to predict the performance of an S«ten
N5508L in selected Grpadian terraing, Speed and motion resistance teats on
aecondery reads, crosgecouutry spead tests, dravbar pull-slip tests, and towed
oit-road motlon resistance tests were conducted. ¥heve pertinent, soil, surface
gemotry, dnd vesntation datd were collegted befcre or after asch test, and speed,
vertical and lengitudinal sccelerations, percent vheel slip, and dravbar pull weve
measured, A cauparicon waz made of actual porforsance and perforeénce as predicted
by the analytical nedel, The avarage of the absolute deviation of actual Orca proe
deoted speeds far the tests conducted vas 1.30 sph. .

N | B

. ' N
' R i
. ! . ' t
i X
1]
ey " . L
° O % AEPLACEE B0 KWW T4TE. | 28 45, WaigW 8 ¥
DD nmu1473 OUALEVE DU Jlaay UL . Unclaseified :
. . : ] Boowlty Clasmfcoiion ‘




Unclasaified
gacurity Classifleation” "

LMK A
ROLE

LINK &
"ALR

WINK €
ROLE

nEY WORDE

LAJ LAd

Ground vehicles - %

- Mathematical models e e
Military vehicles '
Of'f-road vehicles ' ‘

s ey

e

e - s e e e e
R N I L e .

»
-

A

P, . - NI - -
cafrlom gt &

T VRS MR el € LW S LA b SR b O i A A e s e m cmaod o s PP T -~

) ' thxc;lut:‘ied . .

B R Lol
%

- e
R

AN

g o

- owity Classiiication




TECKNICAL REPORT M-70-3

EVALUATION OF WES ANALYTICAL MODEL IN SELECTED TERRAINS
(XM559EL GOER TESTS AT CAMP GAGETOWN
NEW BRUNSWICK, CANADA)
by
B. G. Stinson

March 1970

Sooasored by U, S. Army Tank-Automotive Command

Cosdusted by U, S. Army Engincer Waterways Expariment Station, Vicksburg, Mississippi

ANNY MRS VICASAURD, MBS,

This docunesit))
u!tM telg

prive apfitoval

Statueend 4 4., 0t lacss wzs 1hs/y

**i 2o
;s

B
et
 _s




. FOREWORD |

The study reported herein uéé performed by the U.'S..Army Engineer
Waﬁerways Exparimeht Stétion (WES) in cooperatién with the Defence
Research Board (LRB), Ottawg,.éntcrio, Canada, for the~ﬁ, $. Army Tank-
Apésmotiv§~00mmand (TACOM}.  The field tests were conducted in July 1968
et Canadian Force Base (CFB), Gagetown.

The study vas conducteé by personnel éf the Vehicle Studies
"Branch (VSB), Mobility and Environmental (ME) Divisioh; under the
general supervision of Mr., W. J, Turnbull, Technical Assistant for Soils

and Fnvironmenval Eﬁgineering; Mr, Y. G. Shockley, Chief of the MXE
Divisira; My, S, J. Knight, Assistant Chiefqu'the ME Division;

Mr, A, A, Rﬁla, Chief, Vehicle Studies Branch; and Mec, J, K. Stoll,
Chief, Obstacle-Vehicle Studles (OVS) Section. Deaign &nd execution
of the testing wore under the direct supervision of Me. B, G. étinson,
OVS-Sect;on. Mr, C. A, Blackmon, 0V§ Section, conducted the field test
progro and mofntained lisson betweon WES and DRD and CID Gagatowﬁ.
his report was preparcd by Mr. Stinson,

Dirvector of the WES during the test program and preparation of
this report was 06L Levi A, Brown, CE, Technical Dixector was Mr. J. B,
Wifany, | " B |
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CONVERSION FACTORS, BRUTISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to; metric .

units as follows:

Multiply By

l

To Obtain

2.54
0.3048
1,6093k4
3.785412

0.45359237
L. Lhg

short tons (2000 1b) 907,185

pounds per square
inch

foot-pounds

inches

feet

miles

gallons (U. S.)
pounds

1, 88243
0.138255
30.48
1.6093hk4
Th5,700

feet per second
_miles per hour
horsepowe:

centimeters
meters
kilometers

cubic decimeters

kilograms
newtons (N)

kilograms

kilograms per square meter
neter-kilograms
centimeters per second
kilometers per hour

watts




SUMMARY

This study was conducted to (a) evaluate the performence of the

XM550E1 GOER when operating in selected Canadian terrains and (b)
evaluate the capability of the WES analytical model to predict the
performance of an 8-ton XM559EL ir those terrains.

Speed and motion resistance tests on secondary roads, cross-country
speed tests, drawbar pull-slip tests, and towed off-road motion resist-
ance tests were conducted., Where pertinent, soil, surface geometry,
and vegetation data were collected before or after each test, and
speed, vertical and longitudinal sccelerations, percent wheel slip,
and drawbar pull were measured. A comparison was made o.' actual per-
formance and performance ag predicted by the analytical model.

The average of the absvlute deviation of actual from predicted

speeds for the tests conducted was 1,26 mph.
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EVALUATION OF WES_ ANALYTICAL MODEL IN SELECTED TERRAINS (XMS559EL GOER
TESTS AT CAMP GAGETOWN, NEW BRUNSWICK, CANADA)

PART X: INTRODUCTION
Backgzround

Y. As a part of an effort on terrain classification begur{_under
the auspices of the now defunct Quadripartite Standing Working Group
on Ground Mobility, the U, 8, Army Engineer Waiwiways Biperinant
Station (WES) participsted in the Canadian Camp Petawawa Exercise
held in July 1967. This exercise was the first of two planned by
the Defence Research Board (DRB), Ottawa, Ontario, Canada. During
the exercise, three vehicles (an M113A1, an M37, and an M38) were
run on cross-countey traverses selected in a variety of terrain types.

2. In March 1968 DRB invited WES to participate in a second

exercise to be held at Canadian Force Base (CFB), Gagetown, New

Drunswick, Canada, on 0~19 July 1968. The DRB program included

gross-country tests off two vehicles, an M113Al1 armored personnel
carrier and a Centurion tank. WES accepﬁed the invitation.
" 3. In the meantime the WES was contacted by the U. 8. Army

Tank-Autonotive Command (TACQ&) Projec. Manager, GOER, who requested
- that WES participate in a field test progrem designed to velidate and/or
evaluste the VES analytical model for predicting eroas-country

vehicle performance, using an B-ton® XM559L1 GOER ss the test

vehicle, It was mutually egreed by WES and TACOM that the tesk of

evaluating, the WES analytical mocel with the GOER could be sccomplished

‘% A table of factors for converting British wnits of measurements
to metric units is presented on page vii,

I
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duriag the 8-79 Inly test program at CFD Gagetown: thewefor 5
prog getown; thevcefore, WES ob-

?

tained permission from DRB to inciude sn 8-ton GOER in the field test.-

ing.
Purpose

4. The purpose of the %ests reported herein was to (a) evaluate
the performancc of the XM55981 COER when operating in selected Canadian
terrains and (b) evaluate the capability of the WES snalytical model to

predict the performance of an 8-ton XM559FE1 in those terrains.

ScoE:

5. Terrain and vehicle performance data were obtained fror nine-
teen tests of five types conducted on 8 test courses using an 8-ton

XM559E1 GOER:

No. of
Tests
Conducted Type of Test
2 {‘peed on secondary roads
11 Cross-country speed
L awbar pull-slip
1 Towed off-road motion resistance
1 Motion resistance on secondary roads

Where pertinent, soil, surface geometry, and vegetation data were col-
lected for each test, and speed, vertica®! and longitudinal saccelerations,
percent wheel slip, and drawbar pull were measured. Comparisons were .

made of actual performance and performance as predicted by the snalytical

model,
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Definitions

6, Special terms used herein are defined below.

.Cone index (2I). An index of soil consistency or strength. It is

the force per unit area required to move & 30-deg, right circular cone of
0.5-sq-in. base area through the soil at a rate of 72 in. per min. This .

force per unit erea is expressed in pounds per square inch of base area

of the cone.

Remolding inuex {RI). A ratio that expresses.the proportion of

the original styrength of a medium that will be retoined after traffic

by & poving vehicle. The ratio is determined from cone index mer ure-
ments made before snd after romolding a 6~in.flqna sample.

Rating gong index (RCI), %he product of the vemolding fndex and

the average of the nmoasured in'situ cone in&ax foy the e layer of

soil. This index is valid enly forftincegpﬁﬁne&_gﬂils}nn& for oand :

with fines, poorly dreined. i o | o -
§5§g; The parceﬁt&gc of track or unaei.anvcmentrineffeetive in -

thyasting the vehiele forvard,

Bniline elvcunforense. Forvard advance per revolution of tﬁe'lo&ded.,f'”

tire when toved oh & plane, level, unyielding surface, It is rolated to -

the tire dlameter and the deflection. Rolling radins 36 obtainéa'byr>"
dividing rolling aiéuﬁmforence by 22, ' o
Befloction. Difference, in percent, betveen the see%ian‘ﬁeight~
and “he lvaded section height of the tire. ‘ e
Lead. The vertical force applied to the tire through the exle

includiag Vhe voight of the vheel and tire.




Muskeg (orpanic soil), The living, dying, and dead vegeﬁatidn
thé.t forms & surface mat, and the misxture of partially decomposed and
disintegrated orgenic material (commonly known as peat or muck) below
the surface mat. Small quantities of mineral soil may or may not bve

‘mixed with the organic materia;.




PART II: TEST PROGRAM

" location and Deseription of Test Aress

T. All test areas vwere within the boundaries of the CFB Gagetoun.
'I‘I.xé\_north boundary of CFB Gagetown is sbout 10 miles southeast of
Fmdericton_, New Brunswick, and ther south boundary is about 20 milés
northwest of St. John (see fig. 1). . |

| 8. The maximum relief over most of the base is epproximately
200 ft, and the topography is gently rolling. local flrainnge conditions
vary greatly throughout the #rea., depending largely on topographic |
features. The land, in slight depressiors _and' on gently undulating
topography, is often poorly drained, and the vater table of the soil
: pﬁén ﬁseé ele_sé to the aurf‘aéce. The entire area hes boen subjeetez‘d _'
‘fo'gl&ciatimx, ond practieslly all the upland soils have formed ) 'f o
-ﬁ‘m weathoered glacial tin. The aﬁrface s&i‘s are naunmr quite - 
: :s“x*iame and contain numerous rock fragments 'mﬂ:occasionalr bouldevs, .
_L‘X*h'e poil immediately below the surface 1&\;&:‘ is generaily reddish
byowan. In ihe pubsedl, at depths of 2 to 3 ft, the 'xﬁweathered til)
consists chiefly of reddish brovn cotpact boulder cléy and silty c-iay‘ "
The cover of £111 over the bedrock is usually3 to 5 £t thick, but
frequently the depth of the i1l {s less than 3 ft and occasionally
bare outcerops of rock are found. |

9. Exeept for-‘rclntive!\v small, cleared arces near the center of

the base, the land is covered vith mixed forest vegetation. There is a
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"matural tendency for trees to displace grasses as evidenced by
' meny former pastures ~  in vhich the trees are encroaching and dis=-

placing the pasture vegetation. Approximately 16 Specieé of trees, |
inc)nding both deciduoﬁs and conifers, commonly occur in the area in !

e wide variety of sizes and distributions. Much of the variation in

structural assemblages is due to methods of cutting in lumber operations
and to forest fires.

Test course 1

10. Test course 1 was located on CFB Gagetown about 21 miles
south 37 deg east of the headquarters complex (see fig. 2). The course

. was & secondary road surfaced with a mixture of crushed stone and soil.

The length of the test course is 2700 ft. On the day the tests vere
conducted the swrface wes dry and firm, but there was h small amount
| of loose grsvél on the surface. The megnitudes of surface irregularities
Vvere-not great cnough to affect vehicle performance siéuiriventlyg- The
‘slope of the course vanged from 3 to 12 percent; the average for the‘”

entive course wes 6,64 percent, Test course 1 is shown in fig. 3.

Yest course 2
11. Test course 2 wus about 19 miles south 29 deg cast of the
headquarters complex of the CFB Gaaetoﬁn {see fig. 2) in an ares that

‘48 primarily used for general mencuver purposes. The test course is

- 2500 ft dong.  The surface soil ves silty sand, classified as SH by the

USCS.  The surface ves dry at the time of the tests; the nvefage cone
indoxes of the 0= to 6-in. and 6- to 12-in. layers vere 120 and 265,
respectively. The surface irregularities vere caused either by natursl

erosion or by military vehicles during mancuvers in the wet season,
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The slope of the course ranged from 3 to 1¢ percent and averaged

!
10.2 percent. There wus a sm2ll stream near the center of the testl
course but at the time of test the water depth was less than 6 in. i

The bottom of the creek was composed of sand and rocks, and the slnbe
‘l : of the banks was less than 10 deg; therefore, the stream did not
present a sericus mobility problem. The vegetation over the test

course was short grass except for a 20-ft-wide strip mlong the stream

where there was a stand of 1- to 3-in.-diam hardwood trees spaced
about 1 ft apart. Test course 2 is shown in fig. 4, ] <

Test course 3 b

12, This test course was located 16.1 miles south, 27 deg east of

the CFB Gagetown headquarters caﬁflex (see fig. 2). The length of

CTRAEI T T EE

this test course is about 0.9 miles. The course was in a densely
forested area. Tree stems ranged from 1 to T in. in diameter; the ;
smaller t;ees were about S ft apart and the larger trees sbout 18 ft
apart. The surface was flat (zero slope) with no significant irregu-~
larities. The surface foot of soil was silty sand with some organie
material (SM). The depth to bedrock was sbout 3 ft. At the time

the tests were conducted, the average cone indexes of the 0~ to o-in.

and the 6- to 12-in. layers of soil were 120 and 34T, respectively.
Test course 3 is shown in fig. 5. -

Tesf course &

{
13. Test course 4 was located 11 miles south, 23 deg east of the

CFE Cegetown headcvirters complex (see fig. 2). The total length of
the test course is about 1 mile. The top 20-32 in. of the surface

vas composed of muskeg. Beneath the muskeg was a-sandy mineral soil

10




% b. - Small strean crossing unear center of test course

a. General view

.. He. b, *Test course 2 R
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Point of
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c.assified as SM by the USCS. The Radforih* classification sys*.en; for

auskeg classed the vegetal coverage us EFI and the organic material (peat)

as woody, fine-fitrous held in a woody, coarse-fibrous framework (type 9).

e S

The average cone indexes of the O- to 6-in. and 6- to 12-in. layers of

) muskeg at the time the tests were conducted were 21 and 38,'re5pective1y.
The magnitude of surface gecmetry feétures was not great enough to
sigrificantly affect mobility. Vepgetation was predominantly grass about

12 in. high. Test course U is shown in fig. 6.

Test course S

1k, This course was 1l miles south, 25 deg east of the CFB Gagetown
headquarters complex (see_fig. 2) on an upland flat. The tést course 1is
1000ft long. The topographic slope averaged asbout 2 percent. The sur-
face was irregular due to outcropping rocks. The most serious surface
1rregglarities had approach angles ranging from 30 to 45 deg, step

heights from 16 to 20 in., and were randumly spaced. The surface was

composed of sbout 1 in. of forest litter and sandy (SM) soil over bed-
rock. Cone indexes cuuld not be measured because of the denseness of
the bedrock; however, tree roots were growing in the cracks in the rocks.
The tfees were predominantly coniferous with stem diameters ranging frem

1 to k in. and were spaced about 4 ft epart. Test course 5 is shown in

rig. T.

Test course 6

15. This course was 19.5 miles south, 35 deg east of the CFB Gagetown

® National Research Council, Canada; Associate Committee on Soil and Snow
Mechanies, "Guide to a Field Description of Muskeg (Based on the
Radforth Classification System)" compiled by I. C. MacFarlane, Technical
Memorandum U4 (rev ed), June 1958, Ottawa.

13
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a. Point of XM559 GOER immcbilization during test 7

b, Point of XH559 COKR irmobilization durine test §

Fig. 6. Test course b
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Reproduced from
best available copy.

b. Test course after one pass of GOER
"Fig. 7. Test course 5
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énShﬁ fcr general meneuver purposes; as a consequence, numerous tank

hﬁaﬁqﬁaﬁtensfcomplex,(See fig. 2) in an uplard plateau that is normal%y
!
|

Afixacks'crisscrossed the test erea. The test courae ‘1s 3000 ft long, i

3.fTh§‘aNerage topographie slope was 2_percent. fThe-surface irregularities

'_fﬁ@;e mogtly»tank ruts, - The most critical surface irrégularities had ap-
f;sféxaash #ngies ranging fron 30 to 45 deg and step heights from 8 to 10 in.
{”;;nd-were randonly spaced. The soil to a depth of 12 in. was silty éand
:(SM). The average cone index of both the O~ to 6-in. and 6~ to 12-in,
'lajérs was greater than 300, The vegetation throughout the test course

wvas short grass. Test course 6 is shown in fig. 8.

-Test'coﬁrse T

16. Test course T was located at Dunns Corner, sbout 18.4 miles

south, 32 deg east of thé headquarters camplex of CFB Gagetown (see

fig 2). The length of this test course is only 500 ft. The test course
w#s in a goneral maneuver arca and ran parallel to a frequently uscd
~ tank trail., The averasge topographic slope of the tes' course was 16.2
percent, - Surface irregularities were anlmost insignificant, approach
&pglea wvars less than 30 deg, step heights were less than 8 in., and
“there was no obvious pettern to the irregulariti~s. The soll vas
'e;aye& fine sand (ML), the avarsge cone index of both the O~ to 6-in,
:qnd 6~ to 12-1in. layers was graater than 300, The vegetation of the

.

tegt-éourae vas short grass., Test course T {a shown in fig. 9.

Yoot conrse B
17. This test course vas an abandoned ski slope located on Cootes
Hiil. about Eo.h miles south, 23 dep cast of the headquarters complex,

- CFB Gagetown (sce fig. 2). The total length of the test course vas 1600 ft.

16




Reproduced from
best available copy.

b, Look®ugy south
Fig. 8. Test course 6
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The vegetation along the test course was dense sérub about 5 ft tall;
thcrefore, ground vislibillity was extremelypoar -over gbout 60 peicent'of
the test course. However, visibility was good over the rest of the
course. The depth to bedrock ranged frem 3 to 18 in. The soil over the
bedrock was silty sand'(SM). The aweragé cone index of both the 0- to

6-in. and the 6- to 12-in. layers was greater than 300. The average

topographic slope was 18.4 percent. The only significant surface ir-

regularities were boulders or outcropping rocks. The boulders had ap-

.

proach angles greater than U5 deg; they vere approximately 10 to 12 in.
high and vere spaced greater than 100 f% epart. In the sSummer of 1968
the area was being used for general msneuver purposes. Test course 8 is

shown in fig. 10.
The Test Vehicle

1. The nomenclature of the test vehicle is: Truck, Tank: fuel-

servicing, 2500-gallon, bxh, XM559B1.# It is one of the GOER family
of vehicles. The vehicle vas developed to fulfill an urgent requive-
wont for & medium crpacity, refucling vehicle and liquid fuel trans-

porter vith off-road characteristics superior to those possessed by

confentionsl wheeled vehicles, It was intended to be used aé a distribu-
tion vehicle in combat and rear areas to refusl simultancously

goveral tactical snd/or administrative vehicles. The general design
guidelines specified that the vehicle vas to have tvpical RORR

‘characteristics {c.g., maximum off-road mobility corresponding to that

of the tactical units to be supported and inherent swimming capabilities

A ]

vithout any special preparation). Also the GOER 2500-gallon tanker was

o e st iy b o e 2

to be air and roil transportable vithout major disassembly. The test

_vehicle is shown in fig. 1.

L Information taken from characteristics sheect turnished-by the U. S.
Aray Tank-Automotive Command.

19
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. b. looking from ecast to west
Mg, 10, Test course 8
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_ Pert’.ment vehicle c‘mrantﬁristics

"J%. The physical cha.raetcvista.cs of the vehicle that are pert:.nc? t,
to the spplication of the WES analytical.mcdel fbr pred;cting vehielei

parformanee are t¢bulated below:

~ Phyeical Cheracteristics
JLross—~countey welghts, Id

Gross b3 +170
 Payload | 16,850
Dimensions .
Overall length (including winch if avail able) in. 304.6
Height of leading edge, in. . , o k2,1
Width, in. 12,0
Distance between axles, in. 235.0

Center of gravity location of full load
Hori~ontal distance from front axle
Vertical Jdistence aboveground

Approach engle, dog

Peparture angle, deg

Undercarriage clearance, in.

Axle

Interior

Foree leading edgc can withstand, 1b

© Tive data

Type

Bize

Ply

Tread desiagn

Unlosded diameter (excluding tread), in

Tire width, in.
¥o. of whaels
Ko. of tires

Croas-country inflation pressure (CCP),

{ross-country tire deflection, %

Hachanieel Cheracteristics

Engine
Make
Modeld
Fuel type
Eorsepover (brake or not)
Bngine rpa at brake horsepwver
Haximm torque (pgress or net) ft-1b
Engine ypm at maximum torque

1

Kot gvailable
Net available
3%
37

"23.3
20.3
Hobt avallsble

O highvey
18.00x33

, 10
Modified traction

L
&
r.i (eoprox) .30

Caterpiliax
D333TA

" Diegel

Net 176
2200

Net &ob
1580

T

oL,
e
i

E- e

%
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Mechanical Characteristics (Continued)

Trensmission .
" Meke or model Caterpillar power shift
with torque converter
Retios
lst : 4. 27h
2nad . 2,463
3rd 1.885
Lth 1.418
5th . 1.087
6th 0.818
Transfer case .
Make or model Caterpillax DV-2
Ratio
low ' None
Kigh l.222
Axles
Make or model Ceterpillar
Ratio 14,659
Winch capacity, lb 10,000
Steering date
Tarning radius (over bumper), ft 26.7
Maximum steering angle, deg 60.0
Time required to steer from straight-ahead
' position to full lock turn, sec 3.0
Articulation
Maximum pitch anele, deg 0.0
Vaximum roll angle, deg Hot available
Brekes
Type Cam-actuated shoe
Drum size, in. 20.25
Daceleration rate estimated, g 0.6

Yehicle parformance relations

20. 1t 18 necessary to obtsin certsin vehicle performence rels-

&ions before the onolyticsl model can be spplied to the problem of

performance predictions. The relstions that were used to predict the

performance of the 8-ton XM559E1 GOZR sre discussed in the following

prragraphs.

i}

21. Force-speed relation, The force referred to here is tractive

iorea. In theory, tractive force is equal to the total torque (in

3




- foot-pounds) input at the axles divided by the rolling radius {in feet)

of the wheel. Speed is the rotational speed of the wheels and is ‘ob~

teined by use of the following equation:

s

& = 0.6818 x rps x 2ur

vhere
§ = wheel rotational speed, mph
0.6818 = the factor for converting fps to mph
¥ps’ = wheel revolutions per sec .
¥ = rolling radius of the wheels, ft

The force-speed relation is a function of (a) the power (torque and rpm)
output of the engine, (b) the total gear reductions, (c) the rolling
radius of the wheels, and (4) the efficiency of the power train. The
force-speed relation that was used to predict the performance of the
XM559K1 GOER is given in fMg. 12. The 4 ta from vhich the curvé vas
developed were obtained from Developmenta and Proof Services (D and PS)
of Aberdeen Proving Oround (AFG), Mavyland.

22. Force-deflection relations of the ¥ires. The force veferred

to here 48 vheel load or vertical force {in pounds) appiied to the tire
through the axle; this vertical force includes the weight of the whecl},
Deflection s the difference between the unloaded and loeded crose-
soction heights of the tire. Since the design of &ll the tires that
vare on the XMSS59E1 GOER at the time of testing vas the seme, only one
force-deflection rclation vas considered necessary. The forcv-def‘lc:ct.ion
relation that vas used in predicting the performance of the XM559R1 isg

shown in fig. 13. The ;part of the relation shown by a solid line vas

24
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Tire Spring Force, kips

- - - Extrapolated

Fig. 15.

5.0 10.0

Tire Deflection, in.

Force-deflection relsticns used for XM559 tire




‘measured by WES personnel and that part showi. as a broken line was
extrapolated.

23. Porce-deflection versus velocity relation of the tire

(denping). The demping factor used for the GOER tire vas 40 1b of vertical
force for each 1 in. per sec of deflection rate. This velue (40 in. 1b/sec)
was obtained from tire “ata available at the WES,

Test Procedures and Data Collected

Speed tests

24, Speed test procedure was as follows:

a. The vehicle was poaitioned at a distasce sufficient to
eneble the driver to attain a constant speed before enter-
ing the test course.

The entire measurement and recording {instrumentation)

(i< d

system vas checked and all calibrations necessary to
interpret an ogcillie- ram were recorded.

c¢. The driver vas instrucied to maintain the maximum safe
speed throughout the test course,

4. Whon the front bumper of the vehicle crovsed the starting
point of the test course, an event was recorded on the
oscillogranm,

€. When the front bumper crossed the end of the teat course,
an ¢ovent vas recorded on the oscillogram,

f. The position of the vehicle vas marked and an avenl wves
recorded on the oscillogram simultaneously at from 2- to
S-gec intervals during t>sts. The time intervals vere
controlled by the judement of the instrument operater.

. A summary of the results of the speed tests is given in taeble 1.

27
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Drawbar pull-slip tests

25. The drawbar pull-slip test procedure was as follows:

a,

The test vehicle was checked to ensure that 1t was in
good mechanical condition.:

The tire inflation pressure was adjusted to 30 psi,

Te test vehicle was positioned with the loed vehicle (e
Centurion tank) directly behind it on the surface to be
tested,

A dynamometer was installed in the towing cable and the
cable ends were attsched to the test vehicle and the

load vehicle,

The instrumentetion syatem was checked and the necesssry

calibrations were recorded,

Once . he vehicles were ready and in position, the test
and load vehicles attained a steady state of motion
{approximately 2 wmph), end & load was applied siowly by
varying the spoed or applying the brakes of the load
vehicle until the meximum drawbar pull was attained. By
coordination between the engineer ~nd the load vehicle
operator, 8 steady load wag held for approximately S sec,
This procedure was repeated suverel times to ensure that

the data obtained were roliagble.

The drewbar pull-slip test were conducted at the south end of test

course No. 6, in an area where the surface wes level (see tadble 1 for

cone index deta). The results of the drawbsr pull-slip tests arc

gummarized in table 2.




Towed tests

26. The towed test was conducted in the same area (test course 6)

in vhich the drawbar pull-slip tests were conducted to determine the
resistance to towing. Towed test procedures were as follows:
a. The test vehlcle was prepared in the same manner as that

used for the drawbar pull-slip tests with reference to

mechanical condition and tire pressure.
Test ~ite requirements were the same «3 those for the
drawbar pull-slip tests,
The towing vehicle (a Centurion tank) was attached to the
test vehicle by means of a cable and a dynamometer,
‘The insirumentation system was checked and the necessary
calibrations were recorded,
The vehicle was towed in a straight line st & constant
spaed of about 2 mph.
The average resistance to towing was 3500 1b on & level surfuace where
the cone index was greater than 300.

Free-rolling motion resistance test

&7. One free-rolling motion resistance test was conducted to
cetermine the vehiecle's resistance to motion when rolling with the
brakes off and the power train disengagecd on the secondary road (test
course number 1), This test was conducted in the following minner:

8. The vehicle was positioned in the center of the road on
& 3-dog slope, the power train was disengaged, and the
brakes relessed, allowing the vehicle to roll freely

down i.e hill,




- qe

-«

=+ The distance the vehicle moved forward vas measurad rela-

tive to time.

The free-rolling vehicle accelerated at an averape rate of 0.9 ft/seca.

The motion resistance was computed by use of the following equation:

F=z-—a2a
g€

vhere

F = the force acting to accelerate the vehicle

W = gross vehicle weipght, 45,770 1b

a = vehicle acceleration, 0.9h ft/sec2

g = acceleration dues to éravity, 32.18 ft/sec2
nov

F =W sin 6 - motion resistance
where

0 = anple of the surface of the ground from the horizontal, 3 degs
therefore

W sin 6 = 45,770 x 0.0523 = 2,394 1b
If all the known values are substituted into the original equation the

results are:

45,770

218 X 0.9k

2,394 - motion resistance =

then

motion resistance = 1,057 1b and is valid for the vehicle on

level ground.
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Terrain daﬁa collected

28. When pertinent, the following tverrain data were collected for
each test course.

29. Cone index and remolding index. A sufficient number of cone

‘index measurements were made at sppropriate horizontal intervals to
asdequatcly describe the soil strength within the test course. Measure-
ments vere made at the surface, at l-in. vertiezl inerements to a depth
of 6 in., and then nt 3-in. vertical inc}emants to a depth of 2k in. or
to bedrock. Ho remolding data were obtained because the mineral solls
wvere too Tirm for remolding, and remolding date were not desired for
srganin soils {muskeg). Cfone index data are swmcrized in table 1.

30.- Bulk :amples; -Representative bulk soil éamples were obtained
from each test course for the purpose of classification.

31. Veretntion data., VWhen wertinent, a sufficient number of vepeta-

tion =& -les were taken at approgriate letmtions to adequstely deseride

the vepetation structure, The data included ﬁﬁe designation of ve ete-

tion apacing and ster diemeter. These data ere sumnarized in table 1.
AR

32, Visibility, Hren pertiment, vistbility date were taken by

Lhe pattern recopniticon method® to detersine the degree of ohscuration

by trens and appurtenant folisge. Those data ere awmaarised in texls 1.

33. Surface pecmetry profiles, Surface peometry gross profiles

vere yun to a specified G-in.-contour aciuracy alene the path of the
vehicle over the entire test course, wains conventional surveving

techniques  In sddition to the gross profiles, surface éoonutry profile

* U, 5. Amy Engineer WAterwayu Raperiment Station, CF, “& Quantit tive
Bescrintion of Casp Petavava {Cenada), Terrainfor Ground MObility,"
(in preparation).
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camples sbout 130 ft long vere collected to an accuracy of l-in.-
elevation change at two or three points along the test course. These !

data were reduced to an approach angle and a step height to représent,
8
the test course, These values are given in table 1..

34, Supplementary data. Supplementary data, such as land-use,

vegetation, topographic position, etec., were collected. A sample

of the form used to record these data is given in fig. 1h.

35. Photographs. Appropriate photographs were teken of each
test course and of predominant characteristics of the terrain pertinent
to the test program.

Vehicle performance data collected

36. When pertinent, the following vehicle performance data were
collected for each test. |

37. ¥ime. Time was continuously recorded f;r all speed tests
end for the ffee—rolling métionfresistance tesé at intervals of;.‘_
0.5 sec.

38. Distance. The location of the test vehicle was marked
;éimuitaneOuSIy on the ground and the oscillogram from 2- to 5-sec inter~
vals during the speed tests. After the speed tesi, the distances between

the location marks were measured.

8. During the drawbar pull-slip test, the towed test, and

the free-rolling motion re51stance test t“e fovwarﬂ move-
ment of the vehicle was measured by means of a wire
Play-out line.

b. Vheel rotation distance was measured to an accuracy of

=%
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Supplementary Site Data

ite No. Location:

Sampling Team: Page of

Land Use (Select as many as required to describe condition: circle appropriate
. terms.)

1. Not obviously used by man or domestic animals. Undisturbed.

2. Obviously used by man or domestic animals.

2. Cropland currently in use (gicluding hayfields, orchards, vineyards,
tree plantations). Type

b. Cropland currently lylng fallow (gécluding hayfields, orchards,
vineyords, tree plantations). Type

c. Area grazed by domestic animals
d., Hayfields (not currently being grazed)

e. Orchards, vineyards, tree plantatlons. Type

f. lLawms, recreation areas

g. Logged, cut for fw ., newly cleared for slash-and-burn agricyltw -

Depth aof water over soil surface (1if any):

“epth below surface of free water (if any):

Depth to vedrock (317 any):

Vegetation (select one, if possible. If a choice between two ig difficult,
indicate both.)

Forest Tall ascrub woodland 2. Tall-grass prairie’
¥oodlund Tall scrudb savanne 10, &hort-grass prairie
Savanna Ioa serub 11, Barren

Tull scrub forest Low scrub savanna

Maximuwn topographic slope:

Topographic peaition:

Profile Sketch

WES Form Ko. 1419
June 1961-'

N

Fig. 1. Sawmple of form used to record supplementary data
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slip neats. N :

39 ﬂceeleraisions. '1‘#0 a.ecelerometers vere mmmted under the -

_-driver's seat of the vehicle. Durins all sneed tests. accelemtiou

ixa the vnx?tzical and longitudinal directions was ‘continuously ,recorded-

Dnﬁ'hha oacillogram. | | o |

ko Esents, An event ves marked on the oscillogren. each time
the position of the vehicle ves marked.

‘hl., Supplomentory Guta, An on/off switch wus instelled wider

the throvtle ) .dal and ettached to the Osuariograph Tor the purpose of

mcarﬁi‘ng-m the oscillogren vhether or not the driver was operating |

the vehicle at i‘ull throttle. | ¢

& ﬁtimx‘ supplenentary data such as the driver s iastructions,

dyiverts ca:amaats after test, and genera.l notes partinent
to the test wefé recorded by the tost engineer.
Fhiotographs relative to vehicle perfornance vere made Hoth

,dux‘fing émd after tusts, vhen possible.




PART III: PERFORMANCE PREDICTIONS AND EVALUATIONS

%2, fThe procedures for predicting vehicle performance vary witﬁ{the

1

general characteristics of the terrain; for instance, the part of theimodel
that predicts the effects of trees on the performance of the vehicle

was om{tted if there were no trees on the test course.

..

Predicted Vehicle Performance on Secpndary Roads

43. The surface of the secondary road test course (test course 1)
ves smooth, firm, and devoid of vegetation; therefore the effects of
vegetation, visibility, surface roughness, and soll gtrenrth were deleted
from the predictions.

L, when the engine of the XMSS9E1l is turning at its meximum
(governed) speed as it would probably be when the vehicle is traveling
downhill and the force of gravity is greater than the motlion resistance
of the ve icle, the predicted vehicle speed was computed by use of the
following equetion:

o
Tmex 1 R

- X X ¢
60 1R X 'I‘CR X DR

s = 0.6818 x
max .

vhere
e the naximum predicted spced, mnh

0.6818

n

the factor for convertine fus to moh
rpmmax = the poverned maximum rpm of the vehlele's engine, listed
as 2200 on characteristic data sheet (ATAU)
T_ = transmission pear ratio. In this case the vehicle is
operating in 6th pear (0.818 to 1)

TCR = gear ratio of the transfer case. In this case the vehicle

i6 operating in high renpe (1.222 to 1)




o
f

gear retio of the axle differe.bial (14.659 to 1)
R = the rolling circumference, ft, of the wheels at the
specified inflation pressure (30 psi). This velue
vas measured to be 18.016 ft.

Now substituting in the equation above

2200 1
Spax = 0-6818 x 57 x G oy EEg X 18016

[

8 ax 30.74 mph

Therefore, it was predicted that the XMSS5QEl would travel at a maximum
speed of 30.74 mph when traveling downhill on the secondary rced test
course, |
45, When the XM559E1 is traveling uphill or upslope and the engine
is operating at its meximum power output, the vehicle performance re-
lations and the tei.ain-vehicle relations neceassry to predict its
woximum speed are:
8. The performsnce of the engine and power train in terms
of tractive force versus speed. This informetion was
obteined {rom Development and Proof Services, Aberdeen
Proving Ground, M4,, and is shown graphicslly in fig. 12.
b. The free-rolling motion rasistance of the vehicle on
& surface compersble to “Lhat of the test course. Free-
rolling motlon resistance wss messured to be 1057 1b
(see paragraph 27). )
¢. The force due to gravity scting to retard the motion of

the vehicle. This force was computed by use of the equation:
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« - force ‘due to gravity, 1b

R
W = -grogs \ieight of vehicle, b ' |
e =. glope or angle of the surface of the ground from the

.».t'fn'ffhorizontal B | »'

* »“§5. 1& aemglé graphical solution of 8 prediction of XNSﬁQEl épeed

‘fwhen traveling upslope on test course 1 is shown iﬁ fig. 15, The average

4ﬁlepa of this section of the test course was 8.22% or 4.7 deg: therefore,

the foree due to gravity ves ' '
T

F, = k5,770 x 0.082

Fg = 3753 1b

= h59770 sin 1&.7

The mtie&\ resistance of the vehicle on the level surface was 1057 ib.
| :Shewi‘ore the total terrain force vequirement wes 3753 + 1057 = 4810 1b.
The sdved on the forcs-specd reletion cuvve thet corresponds to hﬁio is
'12.3 wph, the predicted speed. '
- §7. The aversge speed predicted f’or-the secondary road tegt course
{test course 1) was cbtained by use of the following equetion:
total distance

distonce downslope , Gistence upslope . distonce on 1Gvel
apeed downslope speed upslope speed on level

Average speed

‘The predicted average speed and the sctusl sversge teat speeds are given

tn teble 1.




ko

RM = Motion Resistance
B 30 I F, = Slope Resistance
d F, = Total Terrain
- Force Requirement
o
g
v 20
wl
P
;
10 Max. Predicted Speed
Upslope = 12,3 mph.
Fy = F;+ R = 4810 1vs.
b s —— Rﬁ = 1,057 lbvs.
O e eaee S e e e
0 10 20 30 Lo

Speed, mph

Fig. 15. Prediclion of XM559El speed on secondary road,
speed test 1
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Predicted Vehicle Ferformunce in Crogs-Country Environment
, SR
| - A

k8. When predicting first-pass speed performance of the XM559 El
fu the Canedion terrains tested, the terrsin-vehicle relationé considered

‘ { waye:

'é 2. The effects of otrength of surfece material on vehicle

performance
B. The effects of aurfasevgeemetry}on performence
g. The effects cf vegetation on pgrrdrmance.
.?he,terrain-vehiclé relations required to predict first-pass speed
performance and the acquisition of and/or the procedures ﬁsed*iﬁ
developing these relations sre discussed in the following parag;qphs.

i Effects of strength of surface
s B materlal on vehicle performance

i”j.f k9. To determ’ne vehicle performance on smooth, natural soils

on level terrain, the following relations must first be known:

8. One-pass vehicle cone index compared to soil strength

b. Motion resistance versus soll strength

€. Tractive force-slipyfélétions for the_pex@inént soii.éérenpth

Thesge velations plus the engine—pdwer‘train pérfdrmanée'of’the vehicle

in terms of trective force and speed (see fig. 12) can then be used to

dstefmine the performance of the vehicle on smooth, level terrain.

90. One-pass vehicle cone index. Uniform surface materials having

low mass strengths allow vehicle tractive elements to sihk into the s

material, caucing a high resistance to motion. Also & vehicle's ability '?%

to develop tractive force is greatly reduced when operating on low

strength nmaterials. The one-pass vehicle cone index is the minimum soil

——

% -
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strength on which the vehicle can operate and barely maintain forward
wotion. The physical vehicle characteristics used and the method of
relati g these characteristics for use in determining the mobility'index
of wheeled vehicles are given in fig. 16, After combuting thé mobility
index, the 50-pass vehicle cone index can be determined by.use of table 3.
‘One-pass vehicle cone index is taken to be one-half of the 50~pass vehicle

cone index velue, If the average cone index of the surface materiel is

less than the one-pass vehicle cone index of the vehicle, tﬁen zero speed

is sutomatically predicted for the terrain complex or test course,

51. Motion resistance, Even if a vehicle is not immobilized in soft
soil, the vehicle's motion resistance is greatly influenced by the strength
of the soil, thus influencing the vehicle's sbility to obtsin end maintain
speeds. The WES has an acceptable method of relating whael parameters
end soil strength p.remeters for the purpose of estimsting motion re-
sistance: however, for the purpose of predicting the performance of the
XN559E1 in 8ll the Canadian test courses except the secondary road snd
the muskeg test courses, the results of the towed motion resistence
tests (see parsgraph 26) were used (i.e., motion resistsnce = 3500 lb),

52. Tractive force-slip-seil atrength relations. The troctive

farce-slip relations used to predict speeds in 81l test courses except

the secondary rcoad snd the muskeg test courses were determined from

the results of the drawbsr pull-slip tests and the towed motion resistance
tests that were conducted as & pert of the Canadian test progrom. The
results of these tests are shown in fig. 17. Tractive force is shown

on the vertical axig; these values were obtained by adding drawbser pull

and the eaverage towed motion resistsnce, Poercent wheel slip is shown on

o

¢
'
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Cuntact gross weight, 1b
prUssure tire width, x Qutside diam of tire, in. y No. of
facvx in. 2 -tires

Weight Range, 1b
(Gross vehicle wt, 1b Weight
No. of axles Factor Equations
<2000 Y =0.553X
2000 to 13,500 Y = 0.033X + 1,050
13,501 to 20,000 Y =0.142X — 0.420
>20,000 Y =0.278X - 3.115

_ gross vechicle wt, kips i '
K= """ No. of axles ¥ = weight factor

. Tire 10+ tire width, in, = Q18
factor 100 100

Grouser » With chains = 1.05
factor Without chains = 1.00

Wheot __gross waight, Kips _
load No. of wheals
factor {duals counted as one)

Clearance ) Cleacanco, in,
factor 10

Engine . >l0hp/ton = L.OO
factor <10 hp/ton = 1.05

Transmission Hydrawlic = 1.00
factor ) Mechanical = 1.05

lala 3 T (l)x_(?:) - Ty v
Motitity index 3% (4) + (5) (6))x(7) X (8) 7

Mobility index =(-‘?:ﬁ?: X3.28 L 1144 - 3.0)><x X 1

Mobility index
Fivty pass vehicle cone index
One pass vehicle cone index

Fig. 16. Mobllity index for self-propellcd wheeled vehicle in fine
grained solls. 8-ton XM559E1 GOER, 45,770 1b, 18.00x33 specisl GOER tire
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the horizontal axis; thls value wus computed by use of the following!

equation:

i'
|
|

$ slip = QM&r&%hmlﬁ%mw)ﬁbmhhgmmdﬁmmg) £ 100
p _ vheel rotatic:i.al distance

53. Performance of the XM559El on smooth, level soil. One trac-

tive force-wheel slip relation was used in the prediction 6f M559E1
speeds for test courses 2, 3, 5, 6, 7, and 8 because at the tims the
tests were conducted the surface soils on these courses were dry and
firm, The soil-vehicle performance relation used for these courses
wag discussed in paragraph 52.
8. The basic relations needed to describe the performance
of the vehicle on smooth, level soil are:
(1) The tractive force-slip relation from near zero
percent slip to the percent slip where maximun

tractive force is obtained. This section of the rela-

tion was taken from fig. 1T and is reproduced in
fig. 18a,

The relation of maximum sustainable tractive
force to the sustained rotational wheel speed,

This relation is shown by the solid line in fig. 18b.

The total resistance to motion when the vehicle is
toved at a constant speed on the smooth, level surface.
This value is shown as a horizontal broken line
drawn acréss the lower part of fig. 18a and b.

The tractive force-vehicle speed relation for the soil

condition tested is shown by the dashed line in fig. 18b.
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This line was drawn by reducing the specds shovm
by the solid line according to the tractive force-

slip relations shown in fig. 18a.

Effects of surface

. "geomietry on vehicle performarce

S54k. The effectg of surface geometry on'véhiclé performance are
considered under two'héadingézi-(£)  £héréff§;§€j§£ slope‘6§ vehicle ~
performence and (b) the effects of surface 1¥regularities or vehicle
performaence. The methods of determin;ng these effects are discussed in
the following paragraphs.

55. Effects of slope on vehicle performance. Gravity acting

ori the mass of 1:ie vehicle is a propelling force when the vehicle
travels downslope, and conversely is a resisting force when the vehicle

travels upslope. The magnitude of the force of gravity is computed

“using the equation

)
L}

G = the force of gravity Acting on the vehicle -

=
"

the gross weight of the vehicle
]

the angle at which the surface is inclined from the horizontal
The posifi%e sign is used when the vehicle is traveling upslope and the
negative Eign is used when the vehicle is traveling downslope.

56. Effects of surface irregularities on vehicle performance. The

surface geometry profile data were reduced to a representative approach

argle © and step height H (see fig. 19a). The approach angles and

’
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Fig. 19. Analog Simulation of XM559E1l Performance

L6




R T e 2R 20 e s

27 e M

step heights selected to represent the test course were the average of
the ﬁost ceritical irregularities. The irregularities did not fit into
any pattern of spacing; however they were significantly numerous to

Justify the assumption that the speed over the entire test course

would be limited to the safe speed at which =~ single irregularity

A

" could be crossed.

" ST. The speeds at which the XM559EL should traverse the critical

irregularities were determined by the ust of & simplified mathematical
model. This model consisted of one mass which spproximated the vehicle
vheel load, one spring represented by the appropriate tire load-deflection
ecurve, and one damper vwhich was an approximation of the vehicle's tirve
and structural damping. This single degree of freedom model was con-
sidered applicable because the XM559FL has no springs or shock absorbvers,
the wheel base is uxceptionally long which minimized plich motion con-
tribution to driver seat acceleration {for cbstacles considered) and
the driver's seat (the point of interest) {8 located elmost directldy
sbove the front axle (wee fig. _11).

58, The equation of motion for the model of the XM559kEl, displsyed
schematically in fig. 19b, is as follows:

Vertical motion (bounce):
ME = Kb ¢+ DA - Mg

where

k > 0; i.e. the model is not restricted to follow the terrein

an\ the tire carnot exert negative (downward) forece.
b =0 vwhen (t-z) > 0, i.e. damping forces do not affect motien

vhen tire is off the terrain.




k = £(8) = £(t-2)
The éraphic diagram used for analog computer simu;ation of the model
is presented in fig. 19c. BSymbology used in this disgram and the
preceding schématic is as follows:
g,ﬁ,z = Vertical motiéns above axle {amcceleration, velocity'and
displacement respectively).
Terrain forcing function -
Tire spring, determined from static load deflection tests.
b = Damping coefficients
M = Vehicle's wheel load (mass)

g = Acceleration due to the earth's gravitational field

b = Tire deflection ((t-z) < 0}
t

59, After the test courses were classified on the basis of an
spproach angle snd a step height, the exnlog simulation was run for
different speeds until an acceleration of approximately 2.5 g was
recorded. This process vas repested for each test course. The speed
at vhich 2.5 g wes recorded vas determined to be the maximum predicted

speed that the vehicle should travel through the test course. In one

case (test course No. 5) the camputer model was run for 8 and 10 ft/sec and

predicted 2 and 3 g's, respectively; therefore, the predicted speed was
linearly extiapolated to be 9 ft/sec. The results of the computed response
of the XM559E1l in test courses 2, 5, 6, and 8 are shown in fig. 20.

Effects of vegetation on performance

0. Trees, stumps, and logs are deterrvents to vehicle performance
in that the vehicle must slow dowu to maneuver or override them. wﬁich
vegetation features should be overridden or circunvented are not always
obvious. Accordingly, speed predictiona are made by gradually increasing

the eize of the stems that should be overridden, thus reducing the meneuver

L8
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requirements until the best average speed is schieved for the terrain
situation under conéideration.

61; The analytical model considers vegetation in terms of (a)
average and maximum forces required to override trees, (b) the need
to maneuver around trees, and (c¢) the amount the drivers vision is
obscured by plants,

62, Average force required to override multiple stems., The

average force required to override multiple stems was determinea by

equations derived from empirical relations established from field test

results. The parameters used in deriving the relations include stem

diameter, and the distance traveled between each contact of the ve-

hicle and the trees. The work required to override single stems was

determined by use of the following equation:
- 3
ws N (56 dg )

vhere

W = total work (ft-1b) required to override the stems in a size
class as If they were single standing stems overridden one
at & time (see -olumns $ and 6, table L)

N = number of stems in a size clsaass

d_ = stem dismeter (in.), the midpoint of each size class was

used,
The work required to override the same stems in a multiple array (wo) i

wos detarmined by use of the equation:

) 1.088
W= 1.07 “a

These values are listed in column 7 of tadble &,

63. The distance traveled in overriding the stems iu » specific

sample is computed by converting the srea of the sample cell (ususlly circular)
%0

Rl e S T St A e,




to & rectangular area vhose widﬁh is equal to the width of the vehicle
and iong enoygh to cover an area equal to that of the sample cell.

The length of the rectangle is considered to be the distence traveled
by the vehicle when sweeping an area equai to that of the aampie gell.,

‘The conversion equation is: 2
: wD

D, = Yﬁ%
vhere |
Dx = distance traveled, ft
Dc 8 diaméter of the sample cell, ft
W = vehicle width, f%
The average force required to override stems in a multiple array (FO)
is determined by dividing'the total work required to override the

etems in the sample cell (wO) by the distance traveled (Dx)’ as follows:

w0
v F R ——
0 Dx

The relation betvesn aversgs force requ’red to override the stems and
naximun diameter of stems to be overridden was computed fgr the QOER
vhen operating in test course No. 5 {see table _4 )}, This relation
is shown &1 fig. 21 .

64, The trees at test course No. 5 were small {(less than 6 in.
diameter) and closely spaced; therefore the performance of the GOER
ves predicted on the basis of force requirements only wvith no considers-
tion given to mansuver requirements. The folloving procedures were

used to predict the speed of the GOER when controlled by the terrain

force requirements of test course Ho. 5.
a. fThe motion resistance of the vehicle was ssgumed to be

3500 1b (see paragraph 51).




g

Override Stems, 1b (Fg)

:

Averege Porce Reqnired %o

4 6 8

Msxinum Diemeter of Stems to be Overridden, in.

Fig. 21, Average force required-meximum stem dismeter
relation for the GOER and test course No, ¥,
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kf' The maximwn average force required to override all the

trees, no meneuvering, was computed tc be 3491 1b (see

column 7; table 4).

¢. Now the total terrain force requirement is (3500 + 3&91
6991) 6991 1b.

d. By referring to fig. 18b, it w;s determined that the
GOER could maintain a speed of 6.3 mph and overcome the

6991 - 1b terrain force requirement.

Evaluation of Predictions

65. The ;valuation of the model predictions consisted of a
direct comparison of predicted performance in terms of speed with
actual test speeds, The actual average test spreds, the predicted
average speed for the test course, and pertinent remarks are tabu-
lated below.

Actual Predicted
Average Average

Test Test Test
Course Test  Speed Speed
No. No. mph mph Remarks -
1 1l 16.7 15.8 Downslope predicted speed was 30.7h
mph. Upslope predicted speed was
12.3 mph. The downslope distance
was 984 ft and the upslope distance
was 1672 ft
2 10.8 12.3 Only upslope part of test course
: was used in this test )
2 L 6.0 6.5 Speed predicted downslope was con-
5 h.,o 6.5 trolled by response to surface ir.-
regularities (10.2 mph). Speed
predicted upslope was controlled
by force demands (4.8 mph)
(Continued)
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+LActuel Fvedicted

_ <l Average
f &est CPest »
Course Test .Speed ~~.Speed . 7

Ro. ~ Ko, Eh Coomph ; Rsmams

6 - " feot votd, mechandcal feilure

- 0.0 0 "o go" vas predicted for tests T .
C 0. (}- 0 and § because cone index of .the

: e " muskeg was less than one-pass vew
hicle cone index of XM559 R1

Speed (6.3 mph) was predicted by ter-
vain force Yequivements, including
3491 1b of vesistance by vegetation
end 3500 1b by 'notion yesistance

Predioted opeed for tests 10 and
11 vwes gcntrelled by vehicle's
dynenic response to surface
- lvregularities

Pest was conducted wpslope only;
predicted speed was controlled by
terrain force regquirements

Test vas conducted upslope only,
but predicied speed wag econtrolled
by vehinle's dynamic responss to ,
surface irregularities

Tent was conducted dowmszlope oaly;
predicted speed was controlled by
vehicle's dynanie response to swr-
face irregularitics

A divect conparison of predicted and actual veniele apeeds is showa

| grephically in fig. 2. The sversge of the absolute deviation of

actual fron predicted speeds for the tcata listed above is 1.30 =zph.
Eotice that in test Ho. S the actual average speed was 2.5 wph slover
than the predicted average speed. During test Bo, 4 the driver experi-
enced discomfort due to ride dyramics; therefore, during test Ko. 5 the
drivor procceded with extreme caution. It is belleved that the difference
in the actusl average opeeds of tests 4 and 5 vas ceused by driver in-
fluence. In test No. 1k the average actusl speed vas 2.6 mph faster

than the predicted averege speed. It is believed that the spacing of

the surface irregularities in tcst course Bo. 8 taused the predicted
effects of the irregulerities to be more critical than the actual effects.
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PART TV: CONCLUSIONS AND R™COMMENDATIONS

Conclusions

66. Test results and observations made during the tests permit

_the following conclusions:

a. On a good secondary road with an average slope (up and
down) of 6.64 percent, the fully loaded GOER.meintained ah average
speed of 16.7 mph (see table, test No. 1).

Ey In a cross-country situation where the soil was firm,
thera ware no trees with diameters greater than 5.5 in., theAmost
eritical surfece irregularities were less than 2 £t high and spaced
ebout 100 ft apart, and where the meximum slope was 18.4 percent, the
COER's meximum average spced was approxiunately 6 mph (see tablel, tests
4, 5, 9-14).

c. The GOER wag not able to cross Radforth type EVI, muakeg
20-32 in, deep.having an aversge cone index in the 6- to l2-in. lsyer

_of 38 (ses teble 1, test 7 and 8).

d. The Wes Anslyticel model was used to predict the speed

of 8 single vehicle (the GOER) in & limited number of terrain situstions,

with the following results:

Aversge Error of
Torrain Prodiection, mph

Secondary roads 1.20

Ceneral meneuver 1.45

Forested 1.00

Wuskeg o.gg'
All terrains 12 1.

¢ Not used in determining error of predictions for all terrains,




Recommendations

67. Based on the performence of the XM559EL GOER over the se-

lected Canadian terrains, it is suggested that the following design

changes would improve its cross—-country mobility.

a. A more powerful engine is needed to improve the speed
of the vehicle when extra tractive force is required
to overcome resistance to motion caused by slopes, soft
soil, etc.

A suspension system is needed to incregse the speed
the vehicle can maintain when travelirg over surface
.irregularities‘
More wheels end larger, softer tires would signifi-
cantly 1mprove the performance of the GOER when
traveling in areas where the surface is composed of
soft materials.
68. It is recommended that the effects of these design changes
be evﬁluated by means of the WES analytical model to determine the

feasibility of making sctual changes in the design of the vehicle.
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Table 2

; Summary of Results of Drawbar Pull-Slip Tests
Dravbar Tractive
Reading Pull Force* Slip
—No. b _1b 7
Test DBP-1
1° 15,000 18,500 17.h
2 16,750 20,250 T.7.
3 7,250 10,750 11.7
I 18,000 21,500 19.3
5 19,000 22,500 12.9
6 19,750 23,250 15.6
T 17,750 21,250 1k.5
Test DBP-2
1 : 16,000 19,500 9.0
2 13,250 16,750 13.1
Test DBP-3
1 13,500 17,000 7.5
2 15,750 19,250 7.8
3 18,000 21,500 11.2
L 14,500 18,000 11.2
Test DBP-hL
1l 22,000 25,500 16.2
2 22,500 26,000 16.4
3 27,500 31,000 26.0
4 25,000 28,500 2.7
5 23,500 27,000 6h.8
. 6 25,500 29,000 69.6
7 17,500 21,000 16.7

9

% Tractive force equals the average motion resistance measured
ir the area (3500 1b) plus drawbar pull.
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VCI

Table 3

. Mobility. Index Versus Vehicle' Cone Index

— = '
5!—»0\000-«1 o\ W

MI ML VCI MI  VCI ML VCI MI VCI
o - 3.0 31 39.2 67 55.6 103 72.0 | 139  88.3
0.25 5.5 32 39.7 68 56.1 04 T72.4 1ko 88.8
0.50 - - 7.0 +| *33 - koL --| --69.- 56.5 | 105 -72.9 | 1k 89.2
0.75 8.3 -1 3k 40.6 70 57.0 106 73.3 b2 - 89.7
1.00 9.0 35 k1.0 7L 57.4 107 73.8 | 143 90.1
1.50 10.8 36  lW1.5 72 57.9 108 7h.2 | 144 - 90.6
2,00 12,5 |..37. .°'k2.0 73 58.3 | 109 -7h.7 | W5 2.0
2.50 13.8 38 Lok 74 58.8 110  75.1 | 16 91.5
15.1 39 k2.9 75 59.2 112 75.6 | 147 9L.9
17.5 Lox  h3.u4* 76 59.7 112 - 76.0 | 148 g2.h
19.7 L1 L3.8 77 60.2 113 76.5 149  92.8

21.5 L2 44.3 78 60.6 1k 77.0 150 93.3
.23.0 43 L7 79 6l.1 115 77.% |'150  93.8

oh,2 L . Ls5.2 80 61.5 116 77.9 152 gh.2

25.3 45 45,6 81 62,0 117 78.3 153 k.7
26.4 46 46.1 82 62.4 118 78.8 15k 95.1

27.3 47 46.5 83 62.9 119 79.2 155 95.6

28.1 48  h47.0 84 63.3 120 79.7 | 156  96.0

L)1z 28,9 It h7.h 85 63.8 121 30.1 157 96.5
it 29.6 50  L7.9 86 6h.2 122 80.6 158  96.9
15 © 30.4 51 48.4 87 6h.7 123 8.0 159 97.h4
16 31.0 52 48.8 88 65.2 124 81.5 160 97.8
7 . 31.7 53 k9.3 89 65.6 125 82.0 | 161  98.3
18 32.3 5k 49.7 90 66.1 126 82.h 162 a8.7
19 32.9 | 55 50.2 91 66.5 127 82.8 | 163 99.2
20 33.5 | 56 50.6 92  67.0 128  83.3 164 99.6
21 3k.1 57 5.1 93 67.h 129 83.8 | 165 100.1
22 34.6 58 51.5 94 67.9 130 84,2 -| 166 100.6
23 35.2 59 52.0 95 68.3 131 84.7 | 167 101.0
2L 35.8 60  52.4 96 68.8 132 85.1 | 168 101.5
25 36.3 61  52.9 97 69.2 133 85.6 169 101.9
26 36.8 62 53.3 98 69.7 134  86.0 176 102.4
27 37.3 63 53.8 99 70.1 135 86.5 171 -102.8
28 37.8 64 54.2 100 70.6 136  86.9 172  103.3
.29 38.3 65 5.7 101 T7L.1 137 87.4 173 103.7
30 38. €6 55.2 102 T1.5 138 . 87.8 17k 104k.2

For MI's above approximately 0, VCI obtained from equation
VCI = 25.2 + 0.h5h X MI.
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Table 4

A Summary of Vegetation Datu, Stem .Spacing, and Force Computations
for the GOER and Test Course No., 5

(1) (2) (3) (L) (5) (6) (1 (8)
No. of Stems  Mean Spacing (t)
Stem No. of in the Cell of those Stems
Diameter Stems Greater than Greater than
Class in Each the Upper Limit the Upper Limit W X £ F
in. Class of Fach Class  of Each Class 8 __B8 0 0
0.5-1.0 0 56 5.2 .0 9 0 0
1.1-1.5 6 50 5.5 655 655 1160 9
1.6-2.0 5 L5 5.8 1501 2156 k531 35
2.1-2.5 T 38 6.3 kW65 6621 15365 120
2.6-3.0 3 35 6.6 3493 1011k 25380 198
3.1-3.5 16 19 8.9 30751 ko865  1c1280 791
3.6-4.0 4 15 10.1 11812 52677 146590 11k5
ka-k,s 5 10 12.3 21kgz  7h1TO 212502 1660
4.6-5.0 4 6 . 15.9 2kooh 9817k 288686 2255
5.1-5.5 6 0 - 48616 146790  LWTOLG 3491
5.6-6.0 0 0 - - -- - --
Kotea:
1. The dlameter of the sample cell was 39 Y.
‘2. W is work (£t-1b) required to override the trees in each class, one
at a time.
3. IV, is total work (f1-1b) required to override the stems equal to or
smaller than those in each class, singularly.
k. IN_ is total work (ft-1b) required to override the stems equal to or
ameller than those in each cless, in a multiple arrsy.
5. Fo iz the average force (1b) required for the GOER to override the
stems equel to or smaller than those in each class, in a multiple array.
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